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METHOD AND APPARATUS FOR AVOIDING
IN-DEVICE COEXISTENCE INTERFERENCE
WITH KEEPING TIME UPDATE FOR
HANDOVER

CROSS-REFERENCE TO RELAT
APPLICATION

g
w

This application claims the benefit under 35 U.S.C. §119
(¢) of U.S. Provisional Application No. 61/444,672, filed Feb.
18, 2011, entitled “Method and Apparatus for Avoiding In-
Device Coexistence Interference with Keeping Time Update

tor Handover.” U.S. Provisional Application No. 61/444,672

includes exemplary systems and methods and 1s incorporated
by reference 1n 1ts entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention 1s directed 1n general to communi-
cations systems and methods for operating same. In one
aspect, the present invention relates to the methods, systems
and devices for managing coexistence interference between
different radio technologies deployed 1n adjacent bands.

2. Description of the Related Art

The growing market of smart connected devices requires
that the same device supports multiple radio technologies on
the 1n-device platform. However, some configurations may
cause severe performance degradation due to the m-device
coexistence interference. For example, with devices that sup-
port both Long Term Evolution (LTE) and Industrial, Science

and Medical (ISM) technologies (such as Bluetooth and/or
WLAN) and/or Global Navigation Satellite System (GINSS)
technologies, there are use cases for concurrent operation of
these radios. The coexistence 1ssues arise between ISM and/

or GNSS technologies and L'TE deployed 1n adjacent bands.
As shown 1n Table 1 below, coexistence interference arises

where ISM transmission creates interterence to the LTE
recetver, and also arises where LTE transmission creates
interterence to the ISM receiver.

TABL.

L]
[

Interference of the LTE and ISM components on the in-device

configuration

LTE TDD (2.3-2.4 GHz, Band 40)
LTE UL (2.5-2.6 GHz, Band 7)

ISM
(2.4-2.4835 GHz) Coexistence

Rx Tx LTE: Interfered
ISM: Normal
Tx Rx LTE: Normal

ISM: Intertered

Similar coexistence 1ssues occur with devices that include
both LTE and GNSS components. As shown 1n Table 2 below,
when LTE and GNSS components are working on the same
device, there will be mterference due to adjacent frequency
band operation or harmonic frequencies which cannot be
avoided by the allocation of a guard band at the sub-harmonic
frequency.
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2
TABL

(Ll

2

Interference of the LTE and GNSS component configuration on in-
device

LTE

(777-787 MHz/746-756 MHz, Band 13) GNSS
(788-798 MHz/758-768 MHz, Band 14) (1575.42 MHz) Coexistence

LTE: Normal
GNSS:
Intertered

Tx Rx

As will be appreciated, there are challenges to using cur-
rent state-oi-the-art filter technology to address coexistence
interference since terminal filters do not provide suificient
rejection on the adjacent channel interference. These chal-
lenges are particularly acute 1n the case of these components
configured 1n a single device where the interference occurs
when the LTE component 1s transmitting on the specified
bands. Accordingly, a need exists for improved method, sys-
tem and device for managing coexistence interference
between different radio technologies to overcome the prob-
lems 1n the art, such as outlined above. Further limitations and
disadvantages of conventional processes and technologies
will become apparent to one of skill 1n the art after reviewing
the remainder of the present application with reference to the
drawings and detailed description which follow.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention may be understood, and 1ts numer-
ous objects, features and advantages obtained, when the fol-
lowing detailed description 1s considered in conjunction with
the following drawings, 1n which:

FIG. 1 1s a signal flow diagram 1llustrating how existing,
radio resource management signaling procedures may be
used to address coexistence interference;

FIG. 2 1s a signal flow diagram 1llustrating a radio resource
control signaling call flow 1n accordance with selected
embodiments of the present invention;

FIG. 3 illustrates a signal timing flow for LTE and ISM
devices where the “Possible Link™ setting 1s set to a first value
indicating that no LTE device signal reception 1s expected
during an Off-Interval;

FIG. 4 1llustrates a signal timing flow for LTE and ISM
devices where the “Possible Link™ setting 1s set to a second
value indicating that downlink LTE device signal reception 1s
expected during an Off-Interval;

FIG. 5 1s a signal flow diagram for a UE-requested han-
dover signaling call flow 1n accordance with selected embodi-
ments of the present mvention;

FIG. 6 1llustrates the use of an 1mn-device coexistence 1ndi-
cation for managing the keeping time;

FIG. 7 1s a flow chart 1llustration of a keeping time update
operation at the eNB side;

FIG. 8 1llustrates an example computer system that may be
suitable for implementing the in-device coexistence interfer-
ence at a user device or network node;

FIG. 9 1s a diagram of a software environment that may be
implemented on a user agent and/or network node operable
for some of the various embodiments of the disclosure; and

FIG. 10 1s a schematic block diagram illustrating exem-
plary components ol a mobile wireless communications
device which may be used with selected embodiments of the

present invention.

DETAILED DESCRIPTION

A method, system and device are provided for avoiding
in-device coexistence interterence between difterent radio
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technologies deployed on the same device. In selected
embodiments, a method and apparatus are provided for estab-
lishing coexistence mode handover procedures which use
signaling and information elements to establish threshold-
based triggering events to avoid coexistence interference and
to prevent ping-pong elfects by establishing a “keeping time”
parameter that can be updated over time so that a non-inter-
tering network node does not switch back or handover to an
interfering network node after handoif.

Various 1llustrative embodiments of the present invention
will now be described in detail with reference to the accom-
panying figures. While various details are set forth 1n the
tollowing description, 1t will be appreciated that the present
invention may be practiced without these specific details, and
that numerous 1mplementation-specific decisions may be
made to the invention described herein to achieve the device
designer’s specific goals, such as compliance with process
technology or design-related constraints, which will vary
from one implementation to another. While such a develop-
ment effort might be complex and time-consuming, it would
nevertheless be a routine undertaking for those of ordinary
skill in the art having the benefit of this disclosure. For
example, selected aspects are shown 1n block diagram and
flow chart form, rather than 1n detail, in order to avoid limiting
or obscuring the present invention. In addition, some portions
ol the detailed descriptions provided herein are presented 1n
terms of algorithms or operations on data within a computer
memory. Such descriptions and representations are used by
those skilled 1n the art to describe and convey the substance of
their work to others skilled 1n the art. Various illustrative
embodiments of the present invention will now be described
in detail below with reference to the figures.

Ongoing 3GPP discussions have addressed the technical
challenges associated with addressing interference caused by
concurrent operation of multiple radio technologies. The dii-
ficulties here may be understood with reference to the

example of a single device which supports LTE (Long Term
Evolution) technology with ISM (e.g., Bluetooth and/or
WLAN) and/or GNSS technologies which can interfere with
one another, such as when the ISM transmitter interferes with
the L'TE receiver, or when the LTE transmitter causes inter-
terence with the ISM and GNSS receiver operations. For
example and as reported at the 3GPP report R4-102268
entitled “LS on in-device coexistence interference,” the Blue-
tooth (B'T) component error rate 1s unacceptable whenan LTE
component 1s active 1n some channels of Band 7 or even Band
40 for some BT component channel conditions. Thus, even
though there 1s no degradation to the LTE component, simul-
taneous operation with the BT component can result 1n unac-
ceptable disruption 1n voice services terminating 1 a BT
headset. A similar 1ssue exists when LTE transmissions inter-
tere with GNSS components. Currently, there 1s no RRM
(Radio Resource Management) mechanism for addressing
this 1ssue since LTE by 1itself does not experience any degra-
dation. There are also interference scenarios for the LTE
components caused by the non-LTE components. For
example and as reported 1n the 3GPP report R4-102268, the
LTE downlink (DL) error rate can be very high (44-55% on
PDSCH) when the BT component i1s active and LTE 1s
deployed 1n Band 40.

There have been attempts to address the coexistence inter-
ference problems using existing radio resource management
(RRM) mechanisms and signaling procedures, such as RSR(Q}
(Reference Signal Recerved Quality ) measurement, inter-ire-
quency/inter-R AT handover, cell (re)selection, RLF (Radio
Link Failure) monitoring and connection (re)establishment.

The main 1ssues and discussions are on 1) how to identify the
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in-device coexistence interference 2) how to notily the net-
work of 1in-device coexistence interferences 3) what kind of
signaling, operation and procedures are necessary to avoid
in-device coexistence interference and 4) how to choose the
best way, Frequency Division Multiplexing (FDM) or Time
Division Multiplexing (TDM), to avoid in-device coexistence
interferences, etc. However, existing procedures require fur-
ther evaluation to determine 11 they could handle the coexist-
ence mterference and guarantee the required quality of ser-
vice ((QoS). For example, a normal LTE handover procedure
using RRC (Radio Resource Control) message exchange 1s
not guaranteed to succeed when there 1s LTE DL interference
since high DL error rates can lead to a DL Radio Link Failure
(RLF), which in turn can cause unacceptable problems when
the UE attempts to re-establish the connection by accessing
another frequency.

One such problem with using existing RRM mechanism 1s
the QoS degradation caused by delay 1n recovering from RLF
which 1s supposed to be used only in extreme scenarios and 1s
not designed for maintaining QoS guarantee of an on-going
connection. In particular and as illustrated with reference to
the signal flow diagram 100 shown FI1G. 1, the time to declare
RLF can be quite large, depending on the network settings of
the RLF timer T310 and N310 counter. Once the UE 10 has
declared DL RLF upon detecting interference from another
device radio component (e.g., ISM), the UE performs an
initial search during a first measurement interval 16 belore
sending the Out-of-Synch Indication (signal flow 1.1), shown
in this example as requiring 200 ms. Then, the UE must access
a different channel which leads to additional delay at the
source eNB 12 associated with the counter delay 18 from the
RLF timer T310 (e.g., 1000 ms), frequency scanning delay 20
(e.g., 40 msxk, where k 1s the number of frequencies), and
RRC reconnection time 22 (e.g., at least 200 ms) until such
time as RRC connection 1s established via signal flow 1.2 to
cell 14 at the same or different eNB. In this example, RLF
recovery can take at least 1.56 sec (=200 ms+1000 ms+40
ms*k+200 ms, when k=4) to determine and recover from
radio link failure.

Another problem with using existing RRM mechanisms 1s
the ping-pong etfect that arises when there 1s a second han-
dover from the re-established connection at a new frequency
channel back to the original frequency channel that was cor-
rupted by the in-device interference. For example, the ping-
pong scenario can occur when the desired signal strength on
the corrupted channel 1s higher than the new frequency chan-
nel. If handover decisions are based on RSRP-based measure-
ment reports from the UE 10, the ping-pong elfect transiers
the UE 10 back and forth between the corrupted channel and
the desired channel, especially when the coverage 1s different
on different carrier frequencies causing the corrupted channel
to be the strongest one. While the ping-pong effect can be
avoided 1f the source eNB 12 uses RSR(Q) measurements
instead of (or 1n addition to) RSRP to make handover deci-
s1ons, this would require the eNB 12 to configure all UEs 1n
the cell to use RSR(Q measurements since the eNB 12 cannot
identify which UEs may be using their ISM radio, leading to
additional and undesirable configuration/reporting overhead.

A number of contributions, proposals and 1ssues have been
proposed to resolve the in-device coexistence problem, but
final conclusions have not been reached. For example and as
disclosed at 3GPP TR36.816 v1.0.0.1: entitled “Study on
signalling and procedure for interference avoidance for in-
device coexistence” (Release 10), three different operation
modes (“Uncoordinated,” “Coordinated within UE only™ and
“Coordinated within UE and Network™) and basic solutions

(FDM and TDM) are proposed. In the “Uncoordinated”
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mode, different components within the same UE operate
independently without any internal coordination between dii-
terent components (LTE, ISM and GNSS). In the “Coordi-
nated within UE only mode,” there 1s an internal coordination
between the different components within the same UE, which
means that at least the activities of one radio 1s known by other
component’s radio, however the eNB 1s not aware of the
coexistence 1ssue possibly experienced by the UE and is
therefore not imvolved in the coordination. In the “Coordi-
nated within UE and with Network mode,” different compo-
nents within the UE are aware of possible coexistence prob-
lems and the UE can inform the eNB about such information
and problems, so 1t 1s then mainly up to the network to decide
how to avoid coexistence interference. As proposed, FDM has
two ditferent possible solutions, 1) moving LTE signal away
from ISM frequency band and 2) moving ISM signal away
from LTE frequency band. Based on these potential solutions
and modes, some proposals and decisions have been made as
a baseline for the 1mitial discussion and study, but only con-
cept and problem 1n principle have been introduced and cap-
tured, and more detail solutions and proposals will be sub-

mitted and presented 1n the future meetings.

FDM Solutions

With FDM solutions, the UFE informs the E-UTRAN when
transmission/reception of LTE or other radio signal would
benefit or no longer benefit from LTE not using certain car-
riers or frequency resources. With this approach, UE judg-
ment 1s taken as a baseline approach for the FDM solution, 1.¢.
the UE will indicate which frequencies are (not) useable due
to in-device coexistence. The indication can be sent by the UE
whenever 1t has a problem 1 ISM DL reception it cannot
solve by 1tself. The indication can also be sent by the UE
whenever 1t has a problem in LTE DL reception it cannot
solve by 1tself, and the eNB did not take action yet based on
RRM measurements. When LTE UL transmission interferes
with ISM/GNSS DL reception, LTE measurements cannot be
used to detect the problem and the details of the trigger(s) for
the UE to report the problem will probably not be specified in
3GPP. When ISM UL transmission interferes with LTE DL
reception, 1t needs to be determined whether more detailed
LTE DL measurement or trigger needs to be specified (e.g.
with respect to when to take the measurement 1n relation to
ISM transmissions).

The indication from the UE that a problem occurs can be
classified as either reactive (meaning that a problem 1is
reported only when 1t 1s detected), or proactive (meaning that
potential problems are reported). Reactive indications are
supported as the baseline and 1t 1s still be determined whether
proactive indications, which are not based on LTE DL mea-
surements, should be allowed. Proactive refers to the case that
the UE reports that a frequency (serving frequency or candi-
date frequency) may suifer from unacceptable high interfer-
ence 1 the ISM transmitter increases its activity. Proactive
indications could be sent 1in the following two cases: 1) the UE
asks the network not to hand 1tself over to certain of non-
serving Irequencies that may experience coexistence issues
(e.g., due to increase of ISM ftratfic), or 2) the UE asks the
network to change current serving frequency because coex-
1stence problems may become serious due to e.g. increase of
ISM ftraffic.

The standards groups have not yet determined how this
indication 1s transmitted (e.g., new report, CQI dummy val-
ues, dummy RSRP measurement, etc.) and it additional infor-
mation would be useful to report to enable different handover
policies 1n the eNB based on the actual interferer. The details
of E-UTRAN actions upon reception of the assistant infor-

mation have not been determined vyet, but these FDM
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approaches impose significant overhead costs 1n generating
and processing the indication messages.

TDM Solutions

With TDM solutions, 1t 1s assumed that SCO, eSCO, A2DP
and ACL protocols are supported by in-device BT radio when
analyzing the TDM solutions for LTE-BT coexistence. In
addition, beacon, power saving and DCF protocols are
assumed to be supported by 1n-device WikF1 radio when ana-
lyzing the TDM solutions for LTE-WiF1 coexistence. For
TDM solutions without UE suggested patterns, the UE sig-
nals the necessary information (e.g., interferer type, mode
and possibly the appropriate offset) in subirames to the eNB.
Based on such information, the TDM patterns (1.e., schedul-
ing and unscheduled periods) are configured by the eNB. For
TDM solution with UE suggested patterns, the UE suggests
the patterns to the eNB, and the eNB must then decide the
final TDM patterns. In 3GPP TR36.816 v1.0.0.1, there are

two proposed TDM solutions—a Discontinuous Reception
(DRX) based solution and H-ARQ process reservation based
solution.

In the DRX-based solution, the UE provides the eNB with
a desired TDM pattern. For example, the parameters related
to the TDM pattern can consist of (1) the periodicity of the
TDM pattern, and (2) the scheduled period (or unscheduled
period). It1s up to the eNB to decide and signal the final DRX
configuration to the UE based on UE suggested TDM pattern
and other possible critenia (e.g., trafiic type). The scheduling
period corresponds to the active time of DRX operation,
while unscheduled period corresponds to the 1nactive time.
The eNB should try to guarantee the unscheduled period by
appropriate UL/DL scheduling, SRS transmission configura-
tion, DRX Command MAC control element usage, etc. Dur-
ing inactive time, the UE 1s allowed to delay the mitiation of
dedicated scheduling request and/or RACH procedure.

In H-ARQ process reservation-based solution, a number of
L'TE HARQ processes are reserved for LTE operation, and the
remaining subirames are used to accommodate ISM/GNSS
traffic.

Keeping Time Update for Handover

Another approach for managing in-device coexistence
interference 1s to establish a “keeping time” parameter as part
of a coexistence mode handover procedure so that a non-
interfering network node does not switch back to an interfer-
ing network node after handoif to improve the performance of
handover operation. In operation, the UE triggers and trans-
mits a measurement reporting message with “Keeping Time”
and “Reason IDC (In-device Coexistence)” when 1t experi-
ences interference due to in-device coexistence, and then
initiates handover procedures such as inter-RAT or inter-
frequency to avoid undesirable interferences from non-LTE
components. After handover completion, LTE and non-LTE
components could work together without mutual interfer-
ence. In addition, the target eNB (T-eNB) 1s prevented from
instructing the UE to handover back to the previous frequency
of the source eNB (5-eNB)/Cell for the Keeping Time dura-
tion. During the Keeping Time, the UE may not trigger mea-
surement reporting or the UE may exclude the frequency
from the previous S-eNB/Cell for the measurement reporting.
But after the Keeping Time expires, the T-eNB may instruct
the UE to handover back to the previous frequency of the
S-eNB/cell 11 the non-LTE component has been disabled,
possibly resulting 1n interference at the UE if the non-LTE
component has not been disabled. To address the possibility
of premature handover, selected embodiments of the present
invention propose signaling, procedures and information ele-
ments for extending the Keeping Time 1itially indicated to
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the T-eNB through the S-eNB based on the request from the
UE 1n order to protect undesirable interferences or ping-pong
problem.

To address the coexistence interference problems and limi-
tations from existing solutions, there are disclosed herein
techniques for using signaling and information elements for
updating the Keeping Time.

In selected embodiments, the disclosed signaling proce-
dures provide a coexistence operation mode by defining new
RRC signaling messages which are exchanged between the
network and the mobile device for establishing a time divi-
sion multiplex (TDM) mode of operation to enable coexist-
ence operation between LTE and non-LTE components (e.g.,
ISM and GPS). Alternatively, new information elements are
defined which may be inserted in existing RRC messages to
provide TDM-based solutions to enable coexistence opera-
tion between LTE and non-LTE components. Thus, the
present mnvention 1s not limited or restricted to any particular
application or messaging scheme since the functionality of

EQ and CoF

—
—
s

the proposed messages (e.g., CoExist-R] H X151 -
RES) could be adopted as information elements (IE) 1n other
new or existing RRC messages (e.g., RRCConnectionRecon-
figuration or RRCConnectionReconfigurationComplete or
UECapabilityInformation messages). For example, one or
more bits can be added to the UECapabilityInformation mes-
sage (0 add a new 1information element indicating that the UE
1s a multi-component UE which may have the in-device coex-
1stence 1ssues. Of course, the specific names used here are for
illustration only, and other names may be used to achieve the
described function or outcome from the processing of the
message.

With a first configuration message (or information ele-
ment), a Coexistence Request Message (e.g., CoExist-REQ)
1s provided which the UE sends to the eNB before initiating
operation of a non-LTE component on the UE device. With
this message/IE, the UE device requests that operations be
configured with the eNB to support cooperative signaling
between the L'TE and non-LTE components. As described
below, the Coexistence Request Message may include pro-
posed parameters for the coexistence operation mode, such as
Start Time Offset, Keeping Time, On-Interval, Off-Interval,
and Possible Link, and Action.

A Coexistence Response Message (e.g., CoExist-RSP) 1s
also provided as a configuration message/IE which 1s sent by

the eNB 1n response to CoExist-REQ) to allow the coexistence
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operation mode. With the Coexistence Response Message,
the eNB may set parameters of coexistence mode based on the
UE’s request and/or on the eNB’s operational requirements,
such as scheduling, HARQ, efc.

A Coexistence Reject Message may also be provided as a
configuration message/IE which 1s sent by the eNB to reject
the Coexistence Request Message from the UE. In selected
embodiments, the Coexistence Reject Message 1s a separate
message (e.g., CoExist-REJ), but in other embodiments, the
Coexistence Response Message 1s 1nstead used by configur-
ing or adding a predetermined parameter or field (e.g., by
setting a Keeping Time parameter to “zero”). In still turther
embodiments, the rejection message can be conveyed by hav-
ing the network eNBs broadcast an indication to all UEs inthe
cell to disable the coexistence operation mode.

A Coexistence Deactivation Request Message may also be
provided as a configuration message/IE which 1s sent by the
UE to deactivate or modily the coexistence operation mode.
In selected embodiments, the Coexistence Deactivation
Request Message 1s a separate message (e.g., CoExistDeact-
REQ), but 1n other embodiments, the Coexistence Request
Message 1s 1nstead used by configuring or adding a predeter-
mined field or bit(s) (e.g., an Action field) to indicate the
purpose ol message.

A Coexistence Deactivation Response Message may also
be provided as a configuration message/IE which 1s sent by
the eNB to respond to the Coexistence Deactivation Request
Message, though 1n other embodiments the Coexistence
Deactivation Response Message 1s sent by the eNB without
solicitation. In selected embodiments, the Coexistence Deac-
tivation Response Message 1s a separate message (e.g., CoEx-
istDeact-RSP), but in other embodiments, the Coexistence
Response Message 1s instead used by configuring or adding a
predetermined field or bit(s) (e.g., an Action field) to indicate
the purpose ol message.

A UE Capability message may also be provided as a con-
figuration message/IE which 1s sent by the UE to indicate
UE’s multi-component capability to eNB.

In accordance with selected embodiments, there 1s shown
in Table 5 (below) additional details of the proposed messages

and/or information elements with specific parameters which
can be determined for the proposed operation and standard
specification.

TABL.

L1

D

Proposed messages and information elements

Information

Elements CoExist-REQ)

Action Set

Start Time Immediately or

Oftfset SEN/subframe/
slot or time

Keeping SEFN/subfirame/

Time slot or time

SEFN/subframe/
slot or time

On-interval

Oft-interval SFEN/subframe/
slot or time
Possible Nothing, DL,

CoExistDeact-
REQ CoExist-RSP CoExistDeact-RSP  Remarks
Reset or N/A  Set Reset or N/A Message action. If 4

Immediately or

messages are used,
CoExistDeact-REQ
and RSP messages do
not include this field.
Beginning time of

Immediately or Immediately or

SFN/subframe/ SFN/subframe/ SEFN/subframe/slot Coexistence mode
slot or time slot or time or time operation
N/A SFN/subframe/ N/A Ending time of

N/A

N/A

N/A

slot or time Coexistence mode

operation
SFN/subframe/ N/A Time duration for
slot or time Activating of LTE
component
SFN/subframe/ N/A Time duration for
slot or time Activating of non-LTE
component
Nothing, DL., N/A Possible LTE
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TABLE 5-continued

Proposed messages and information elements

10

CoExistDeact-
CoExist-REQ  REQ

Information

Elements CoExist-RSP

Link UL or both UL or both

Under each message (CoExist-REQ, CoExistDeact-,
CoExist-RSP, CoExistDeact-RSP) listed 1n Table 3, there 1s

shown an information element parameter (Action, Start Time
Offset, Keeping Time, On-Interval, Off-Interval, and Possible
Link) which provides the function or operation described 1n
the “remarks™ column.

The Start Time Offset field or parameter indicates the
actual action time for when coexistence mode operation
begins as either an absolute or relative value, and can be
specified by system frame number (SFN), subframe, slot or
actual time. SFN 1s a useful and an easy reference point to
indicate the starting of coexistence mode operation. An abso-
lute start time value specifies the absolute time (e.g., SFN,
subirames, slots, etc.), while a relative start time specifies the
Start Time Offset relative to a point 1n time (e.g., when the
response message 1s received by the UE) with a time offset
value (e.g., 1n subirames, slots or an absolute time duration,
say 100 milliseconds).

The Keeping Time field/parameter specifies the time dura-
tion for maintaining the UE device 1n coexistence mode. At
the end of the Keeping Time interval, the UE device turns off
the non-LTE component(s) and goes back to the normal LTE
mode. Instead of being signaled by the UE, the Keeping Time
parameter can be controlled by network implementation,
such as by having directly send a “Turn Oif” indicator to
request the UE to turn off the non-L'TE components, irrespec-
tive of whether the Keeping Time parameter was signaled.
Such network control may be implemented via MAC CE or
RRC messaging, though MAC CE requires less delay and
signaling overhead. In other embodiments, the UE may send
a Turn Off request to the network (e.g., via MAC CE) to
indicate the intention to turn oif the non-LTE component(s),
and the network sends back a Turn Off indicator to the UE
(e.g., via MAC CE).

The On-1nterval field/parameter specifies an LTE signaling
time duration for when the LTE component 1s able to use
(transmit and recerve) all of radio resources on the DL and UL
without enabling the non-L'TE component. During the On-
interval, any non-LTE component will be disabled. In similar
tashion, the Off-interval field/parameter specifies the non-
LTE signaling time duration for when the non-LTE compo-
nent 1s able to transmit and receive without the LTE compo-
nent being enabled or receiving no interierence.

The Possible Link field/parameter specifies an LTE com-
ponent activity (none, uplink, downlink, or both) that may
continue operating during the Off-interval (when LTE com-
ponents are normally deactivated). This field may be used
with a UE device that includes both LTE and GPS compo-
nents where the GPS component will always be 1n reception
status. In this case, the GPS components recerve downlink
LTE signals at the UE device, even during the Off-interval so
the LTE component could utilize the resources for reception
without causing interference between each component. For
example, by setting the Possible Link field to Down Link
(DL), the LTE component may continue to recerve System
Information, Paging, and the MBSFN subirames which only
occur in the DL reception during Off-interval. In this way, the
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Remarks

component link during
Off-interval

link specified with the Possible Link parameter will be acti-

vated regardless of On/Off interval duration. While two bits

are sulficient to specily four possible link activities (e.g.,
“00=Nothing”, “01=DL”, “10=UL” and “11=both™), 1t will
be appreciated that more or fewer link activities can be speci-
fied with additional or fewer bits.

In accordance with selected embodiments, 1t will be appre-
ciated that the specific number and names ol the messages can
vary. For example, the four listed messages (CoExist-REQ),
CoExistDeact-, CoExist-RSP, CoExistDeact-RSP) can be
implemented with fewer messages, such as by setting an
Action field of a message (e.g., CoExist-RE(Q) message) to a
first value (e.g., “17") to signity a Coexistence Request Mes-
sage, and to a second value (e.g., “0”) to signify a Coexistence
Deactivation Request Message. Likewise, the Action field 1n
the CoExist-RSP message can be used to represent both
CoExi1st-RSP and CoExistDeact-RSP messages. Of course,
the messaging functionality can alternatively be consolidated
into the CoExistDeact-REQ and CoExistDeact-RSP message
without requiring solicitation by a previous message, such as
by setting an Action field setting in the CoExist-RSP (and
CoExistDeact-RSP) message to “0” to indicate that the mes-
sage sent 1n unsolicited manner without receiving of CoExist-
REQ message. The Action field setting may also be used to
add or remove any of the other information elements.

With the described messaging, a UE device requests a
coexistence operation mode by proposing parameter values 1n
the nitial Coexistence Request Message, and the eNB
responds with a set of operational parameters that specily a
coexistence configuration. If the LTE component at the UE
device cannot perform the specified coexistence configura-
tion or wants to request a diflerent configuration from that
specified in the CoExist-RSP message from eNB, 1t can send
another CoExist-RE(Q) message with new requested param-
cters to re-negotiate the coexistence operation mode. If the
LTE component does not send another CoExist-REQ) mes-
sage 1n response to the CoExist-RSP message, the LTE com-
ponent implicitly accepts the configuration parameters indi-
cated by CoExist-RSP message.

Turming now to FIG. 2, there 1s depicted a radio resource
control signaling call flow 200 1n accordance with selected
embodiments of the present invention wherein L'TE and non-
LTE components installed on a single UE device platiform
exchange coexistence signaling messages to separate the LTE
and non-LTE signaling 1n time, thereby avoiding coexistence
interference. On this shared platform, the LTE component on
the UE 202 can know the instance when the non-LTE com-
ponent 1s enabled, and can request coexistence mode opera-
tion by sending a request message to the eNB 204 at signal
flow 2.1. The eNB 204 responds with a response message
(signal tlow 2.2) to the UE 202 that includes signal control
parameters defining a coexistence mode of operation with a
start time, end time, and alternating intervals of operation for
the LTE and non-L'TE components.

In an example embodiment shown 1n FIG. 2, the UE 202
detects when an internal request to switch to non-LTE com-

ponent 1s 1nitiated (201). In response, the UE 202 (or LTE
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component thereon) sends a request message (CoExist-RE(Q)
message 2.1) to the eNB 204 with proposed coexistence
parameters, such as Start Time Offset, Keeping Time, On-
interval, Off-interval, Possible Link, and an Action field set to
“1”” If the LTE component at the UE 202 1s coexisting with
ISM components, the Possible Link parameter can be set to
“Nothing” 1n order to ensure no coexistence interierence
issues. On the other hand, 1fthe L'TE component at the UE 202
1s coexisting with a GPS component, the Possible Link
parameter can be set to “DL” so that the LUTE component can
receive messages in the DL while the GPS component
receiver 1s enabled. As will be appreciated, the LTE compo-
nent at the UE 202 sends the request message to the eNB 204,
so the LTE component must either be “on” or at least activated
in an “On-interval” during coexistence mode (220).

On reception, the eNB 204 sends a response message (Co-
Exist-RSP message 2.2) back to the UE 202 1n response to the
request message CoEBExist-RE(Q. This response message
accepts or modifies the proposed coexistence parameters
from the UE’s request message by returning a set of (counter-
proposed) coexistence parameters, such as Start Time Offset,
Keeping Time, On-1nterval, Off-interval, Possible Link, and
Action field set to “1.” The response message 2.2 may con-
figure the coexistence parameters as absolute or delta con-
figuration values. With an absolute value configuration, the
eNB 204 sends all related coexistence parameters in the
response message 2.2, but with a delta value configuration,
the eNB 204 only sends the coexistence parameters in the
response message 2.2 that are different from the request mes-
sage 2.1.

Based on the coexistence parameters in the response mes-
sage recetved by the UE 202, the L'TE component enters 1nto
a coexistence operation mode, beginning at the Start Time
Offset 203 and continuing until expiration at the Keeping
Time 211, with alternating On-intervals 205, 209 (during
which the LTE component 1s enabled) and Off-intervals 207
(during which the non-LTE component 1s enabled).

During the coexistence mode 210, the LTE component
may optionally send an update message 2.3 to the eNB 204 to
request that the duration of the coexistence operation mode
210 be extended or terminated. In selected embodiments, the
update message 2.3 1s a separate message (e.g., CoExistDe-
act-REQ message) recetved at the eNB (221) which seeks to
deactivate or extend the coexistence operation mode, such as
by terminating or extending the Keeping Time. In other
embodiments, the update message uses the first request mes-
sage (CoExist-REQ message) which has the Action field set
to “0.” In erther case, the update message 2.3 may include
update parameters, such as Start Time Oflset and an Action
field reset to “0,” where the updated Start Time Offset value
specifies the new end point or Keeping Time value for the
coexistence operation mode 210.

The eNB 204 responds to the update message 2.3 by send-
ing an update response 2.4 during an available On-1interval
209 (222). In selected embodiments, the update response 2.4
1s a separate message (e.g., CoExistDeact-RSP message),
while 1n other embodiments, the update message uses the first
response message (CoExist-RSP message) which has the
Action field reset to “0.” With the update response message
2.4, the coexistence operation mode 1s deactivated or
extended depending on the eNB status (223), such as by
terminating or extending the Keeping Time. And while the
update response 2.4 1s shown as being sent 1n response to the
update message 2.3, the update response 2.4 may be sent in
unsolicited manner without recerving an update message
(224). For example, the update message 2.4 can be sent with-
out solicitation (224) 11 the eNB 204 determines that the
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coexistence operation mode requires extension or early ter-
mination. Once the Keeping Time 211 expires, the LTE com-
ponent 1n the UE 202 and the eNB 204 return to normal mode
213 where the LTE component 1s enabled and the non-LTE
component 1s disabled and turned-off.

Turming now to FIG. 3, there 1s 1llustrated a signal timing
flow 300 for establishing a coexistence operation mode
between eNB device 302 and UE device 304 having L'TE and
ISM components. The expected coexistence operation mode
1s set up by exchanging request and response messages 1n
which the “Possible Link™ setting 1n the coexistence param-
eters 1s set to a first value indicating that no LTE device signal
reception 1s expected during the Off-interval. First, the UE
304 sends a first request message 3.1 (e.g., CoExist-REQ)
message) to the eNB 302 with proposed coexistence param-
eters, such as start time (e.g., Start Time Ofiset 310), end time
(e.g., Keeping Time 318), On-1nterval 312, Off-interval 314,
and Action field (e.g., set to “17). In addition, the Possible
Link field may be set to “Nothing” (e.g., “00”) for LTE and
ISM components to signify that no L'TE signal reception 1s
expected when the ISM component(s) are activated. In the
response message 3.2 (e.g., CoExist-RSP message), the pro-
posed parameters are accepted, repeated or modified so that
the UE 304 and eNB 302 are configured to establish a coex-
istence operation mode having defined On-interval(s) 312,
316 during which the LTE component 1s in normal operation

mode. In normal operation, the activated LTE component in
the UE 304 sends uplink data to the eNB 304 and receives

downlink data from the eNB 302, and the non-LTE compo-
nent(s) are disabled and turned oif. The established coexist-
ence operation mode also has a defined Off-interval 314 dur-
ing which the LTE component 1s disabled and the non-LTE
component(s) are enabled to transmit and receive signals. The
depicted On-1ntervals and Off-intervals may each have a fixed
time duration and periodicity so that the alternating intervals
repeat until expiration of the Keeping Time 318 provided that
an update response message 1s not recerved from the eNB
302. However, update messaging may be generated to termi-
nate or extend the Keeping Time. For example, the UE 304
may send an update message 3.3 (e.g., a CoExistDeact-REQ)
message or a reset CoExist-REQ message) to request exten-
s1on or early termination of the Keeping Time. Alternatively,
the eNB can sent an (unsolicited) update response message
3.4 (e.g.,a CoExistDeact-RSP message or reset CoExist-RSP
messages) to extend or terminate the Keeping Time. Upon
expiration of the Keeping Time 318, the UE 304 returns to
normal L'TE mode 320 with the non-LTE components deac-
tivated.

Turming now to FIG. 4, there 1s 1llustrated a signal timing,
flow 400 for establishing a coexistence operation mode
between eNB device 402 and UE device 404 having L'TE and
GPS components where LTE downlink device signal recep-
tion 1s expected during the Off-interval. The expected coex-
1stence operation mode 1s set up by exchanging request and
response messages in which the “Possible Link™ setting 1n the
coexistence parameters 1s set to a second value indicating
LTE downlink signal reception 1s expected during the Off-
interval. To set up the expected coexistence operation mode,
the UE 404 sends a first request message 4.1 (e.g., CoExist-
REQ message) to the eNB 402 with proposed coexistence
parameters, such as start time (e.g., Start Time Offset 410),
end time (e.g., Keeping Time 418), On-interval 412, Ofl-
interval 414, and Actionfield (e.g., setto *“17). In addltlen the
Possible Link field may be set to “DL” (e.g., “01”) for LTE
and GPS components to signily that UTE downlink signaling
1s expected when the LTE components are de-activated. Inthe
response message 4.2 (e.g., CoExist-RSP message), the pro-
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posed parameters are accepted, repeated or modified so that
the UE 404 and eNB 402 are configured to establish a coex-
istence operation mode having defined On-interval(s) 412,
416 during which the LTE component 1s in normal operation
mode for sending and recerving uplink and downlink data
while the non-L'TE component(s) are disabled and turned off.
The established coexistence operation mode also has a
defined Off-interval 414 during which the non-LTE compo-
nent(s) and LTE downlink signaling are enabled, but where
the LUTE component 1s otherwise disabled. In this configura-
tion, even though the LTE component 1s 1n Off-interval 414,

it can receive the DL traffics and signals from the eNB 402.

The depicted On-1ntervals 412 and Off-intervals 414 are alter-
nated until expiration of the Keeping Time 418, unless update
messaging 4.3 and/or 4.4 1s generated to terminate or extend
the Keeping Time 418. Upon expiration of the Keeping Time
418, the UE 404 returns to normal L'TE mode 420 with the
non-LTE components deactivated.

With the disclosed arrangement for establishing a coexist-
ence operation mode, the L'TE and non-LTE signaling 1s sepa-
rated into different signaling intervals, thereby avoiding
coexistence interference without incurring QoS degradation
or time delay associated the DL RLF mechanisms.

In addition to or in place of the scheme for separating the
LTE and non-L'TE signaling 1in time, coexistence interference
can be avoided by performing an LTE handover from a first
eNB/cell/frequency to a second eNB/cell/frequency in the
event of coexistence interference at the first eNB/cell/Ire-
quency. For example, an LTE component that 1s experiencing
interference from a non-LTE component can use existing
RRM procedures to request a handover to neighboring cell or
frequency. However, this can lead to a “ping-pong” handover
problem when the LTE component attempts to return to the
previous eNB/cell/frequency when the co-interference at the
first eNB/cell/frequency 1s reduced due to the non-L'TE com-
ponent being turned oiff, such as when the previous eNB/cell
or Irequency has a stronger signal. Depending on the non-
LTE component behavior, the ping-pong handovers can occur
frequently, thereby consuming bandwidth with undesirable
signaling overhead. To reduce or eliminate ping-pong han-
dover operation, an improved handover operation 1s disclosed
which uses predetermined triggering events and associated
procedures to prevent handover back to the source eNB/cell/
frequency during a specified time iterval.

To 1llustrate the improved handover procedure, reference 1s
made to FIG. 5 which shows a signal flow dlagram 500 for a
UE-requested coexistence handover operation 1n accordance
with selected embodiments of the present invention. Gener-
ally speaking, the UE 502 requests that the source eNB/cell
504 perform a handover to a target eNB/cell 506, where the
handover may be implemented in inter-frequency or inter-
RAT environments. The requested handover specifies a time
interval or Keeping Time during which time the target eNB/
cell 506 1s prevented from performing a handover back to the
source eNB/cell 504. With the disclosed coexistence han-
dover operation, the LTE component at the UE 502 does not
need to indicate to the eNB 504 when any non-LTE compo-
nents are enabled at the UE 502, but just starts a handover
procedure to avoid undesirable 1nterference from/to non-LTE
components at the UE 502. After completion of handover, the
LTE and non-LTE components at the UE 502 can work simul-
taneously without any interference between them.

In particular, the signal flow begins when the UE 502
detects that a handover 1s required. The detection can be based
on any desired triggering event, such as recerving an internal
message signal 5.1 requesting that the UE 502 enable or
switch to a non-L'TE component. In response, the UE 502
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scans the neighboring eNB/cells or frequencies (501) to
evaluate their signal strength and 1dentity any neighboring
e¢NBs or cells that will not interfere with the non-LTE signal-
ing at the UE 502. Based on the scan results, the UE 502
generates and sends to the serving eNB/cel 504 a measure-
ment report (message signal 3.2) which 1dentifies the trigger-
ing event for the handover. At this point, the LTE component
can select the target eNB/cell or frequencies 506 to avoid

coexistence mterference fully (e.g., inter-frequency or inter-
RAT). In the case of handover being triggered by in-device
coexistence interference, the “Reason/Triggering” field in the
measurement report 5.2 identifies the cause as “CoExist Inter-
ference,” depending on how the coexistence interference was
detected.

To support efficient and prompt handover, one or more
predetermined triggering events are proposed for use in the
“Reason/Triggering” field of the measurement report 5.2. In
particular, Table 6 below lists the handover triggering events
listed 1n 3GPP TS 36.331 (“*Evolved Umversal Terrestrial
Radio Access (E-UTRA); Radio Resource Control (RRC);
Protocol specification™), along with new triggers A6-A8 and
B3.

TABL.

L1

6

Triggering events for handover cases

Event Existing and New Triggering Reasons HO Usage
Al Serving cell becomes better than absolute threshold LTE
A2 Serving cell becomes worse than absolute threshold LTE
A3 Neighbor cell becomes better than an offset relative LTE
to the serving cell
A4 Neighbor cell becomes better than absolute threshold LTE
AS Serving cell becomes worse than one absolute LTE
threshold and neighbor cell becomes better than
another absolute threshold
Ab Serving cell becomes worse than one absolute LTE
threshold and neighbor cell becomes better than
another absolute threshold due to in-device
coexistence interference
A7 Neighbor cell becomes better than an offset relative LTE
to the serving cell due to in-device coexistence
interference
A% Serving cell becomes worse than absolute threshold LTE
due to in-device coexistence interference
Bl Neighbor cell becomes better than absolute threshold Inter-RAT
B2 Serving cell becomes worse than one absolute Inter-RAT
threshold and neighbor cell becomes better than
another absolute threshold
B3 Serving cell becomes worse than absolute threshold Inter-RAT

and neighbor cell becomes better than another absolute
threshold due to in-device coexistence interference

As shown 1n Table 6, triggering events of A6-AS8 are pro-

posed for LTE handovers, and triggering event B3 1s proposed

for Inter-RAT handovers. Trigger event A6 1s used by the UE
502 to request an LTE handover when a signal strength mea-
sure (e.g., Reference Signal Received Quality (RSRQ) or
Retference Signal Received Power (RSRP)) for the serving
eNB/cell 502 1s below a first absolute threshold and a signal
strength measure (e.g., RSRQ or RSRP) for the target eNB/
cell 506 1s above a second absolute threshold. Trigger event
A’7 1s used by the UE 502 to request an L'TE handover when a
signal strength measure for a neighboring/target eNB/cell
506 1s better than an ofiset relative to a signal strength mea-
sure of for the serving eNB/cell 502 due to in-device coexist-
ence 1terference at the UE 502. Trigger event A8 1s used by
the UE 502 to request an L'TE handover when a signal strength
measure for a serving eNB/cell 502 becomes worse than an

absolute threshold due to 1in-device coexistence interterence
at the UE 502. Finally, trigger event B3 1s used by the UE 502




US 8,831,611 B2

15

to request an Inter-RAT handover when a signal strength
measure for the serving eNB/cell 502 becomes worse than an
absolute threshold due to in-device coexistence interference
at the UE 502.

In order for the UE 502 to send the inter-frequency/inter-
RAT measurement report 5.2 based on the proposed triggers
A6-A8 and B3, the serving eNB/cell 504 configures the UE
502 with a measurement identity that corresponds to an inter-
frequency/inter-R AT measurement object. At RRC connec-
tion establishment or at any time while 1n connected mode,
the UE 502 sends an RRC message to the serving eNB/cell
504 to indicate that the UE 502 has both LTE components and
coexisting non-LTE component(s) (e.g. ISM and/or GPS).
The message may also include an indication from the UE 502
ol the preferred target carrier frequencies to handover to (or
the carrier frequencies to avoid) when coexistence interfer-
ence arises. In this way, the serving eNB/cell 504 can config-
ure one or more measurement 1dentities that correspond to
carrier Irequencies where coexistence interiference 1s
expected to be low or tolerable. In selected embodiments, the
serving eNB/cell 504 only needs to configure the inter-ire-
quency/inter-R AT measurement 1dentities for the UE 502 1f
the carrier frequency of the serving eNB/cell 504 1s poten-
tially interfering because it 1s located close to the non-LTE
component band or belongs to one of the carrier frequencies
to avoid as indicated by the UE 502. The measurement quan-
tity configured for the inter-freg/inter-RAT measurement
identities should be set to RSRQ 1n order to capture the
interference caused by non-LTE component band.

In other embodiments, a triggering handover mechanism
may be applied to the RSRQ measurement of the serving
eNB/cell 504 to account for the bursty interference caused by
transmission in the non-L'TE band. The triggering handover
mechanism may operate as follows. If the RSRQ signal
strength measure 1s below a specified threshold, X, for a
specified duration, Y, a counter, N, at the UE 502 1s incre-
mented by one. When the value of counter N exceeds a
specified threshold, the UE 502 sends a measurement report
to the eNB 504 which includes inter-frequency/inter-R AT
measurement results that correspond to the frequencies/R AT's
ol the configured measurement identity.

In addition to speciiying a handover triggering event, the
measurement report 5.2 from the LTE component also pro-
poses a time interval (e.g., Keeping Time) to the eNB/cell
504. The specified Keeping Time value will be used after
handover to maintain the new connection with the target
eNB/cell 506 for the specified time interval. Alternatively, the
Keeping Time/time interval can also controlled by network
implementation rather than by signaling from the UE 502,
such as by having the network eNBs broadcast the Keeping
Time information to all eNB/cells.

Upon recerving the measurement report message 5.2, the
serving eNB/cell 504 sends a handover request message 5.3
(HO-REQUEST) to the target eNB/cell 506 which identifies
the reason (e.g., in the Reason/Triggering field) and Keeping,
Time as received from the UE 502. If the UE 502 did not
already select the target eNB/cell 506, the source eNB/cell
504 may 1dentify the target eNB/cell 506 1n a list of target
cells that does not include the source eNB/cell 504 (503).

Atthe target eNB/cell 506, the resources for the UE 502 are
set up (3505), and then the target eNB/cell 506 send back a
handover acknowledgement message 5.4 (HO-REQUEST-
ACK) with Keeping Time to the serving eNB/cell 504 in
response to the handover request message 35.3. In selected
embodiments, the target eNB/cell 506 may change the Keep-
ing Time value from that proposed by the UE 502, based on

status and/or environmental considerations at the target eNB/

10

15

20

25

30

35

40

45

50

55

60

65

16

cell 506. Based on the received Keeping Time and any 1den-
tified triggering events related to coexistence interference, the
target eNB/cell 506 may be configured to keep the new con-
nection with the LTE component for at least the duration of
the Keeping Time. In addition or in the alternative, the target
eNB/cell 506 instructs the UE 502 that 1s can not handover the
frequency back to the serving serving eNB/cell 504 for the
duration of the Keeping Time to avoid undesirable ping-pong
handover between the previous serving eNB/cell 504 and new
target eNB/cell 506.

Upon recerving the handover acknowledgement message
5.4, the serving eNB/cell 504 sends a handover command
message 3.5 (HO-COMMAND) to instruct the UE 502 to
perform handover to the target eNB/cell 506. The handover
command message 3.5 may 1nclude the Keeping Time value
specified by the target eNB/cell 506 for use by the UE 502 1n
preventing ping-pong handovers. For example, the handover
command message 5.5 may include an 1struction to prevent
the UE 502 from generating a measurement report during the
Keeping Time interval, thereby preventing imitiation of
another handover procedure. Alternatively, the handover
command message 3.5 may instructthe UE 502 to exclude the
frequency of the serving eNB/cell 504 from any measurement
reporting conducted during the Keeping Time interval,
thereby preventing initiation of another handover procedure

to the serving eNB/cell 504.
On successiul acquisition of the target eNB/cell 506, the
UE 502 sends the handover complete message 5.6 (HO-
COMPLETE) to signily completion of the handover proce-
dure. After completion of handover, target eNB/cell 506 1s
configured to prevent handover of the UE back to the fre-
quency of the previous serving eNB/cell 504 during the Keep-
ing Time interval. However, the target eNB/cell 506 may
initiate handover to another target eNB/cell (not shown)
which 1s not on the frequency of the serving eNB/cell 504.
With the disclosed coexistence handover operation, the
serving eNB/cell 504 informs the target eNB/cell 506 that the

UE 502 should not be handed back to the serving eNB/cell

504 during the specified Keeping Time duration. This restric-
tion prevents handover back to the original frequency of the

previous serving eNB/cell 504, even 1n situations where the
signal strength of the serving eNB/cell 504 (or any cell on the
same frequency) 1s higher than that of the target eNB/cell 506,
even 1f the non-LTE component at the UE 502 1s not enabled.
IT the target eNB/cell 506 1s not notified that the handover of
the UE 502 1s due to coexistence interference, the target
eNB/cell 506 may try to handover the UE 502 back to the
original frequency of the previous serving eNB/cell 504 or
frequency when the non-LTE component 1s disabled. This
could trigger another handover immediately away from the
original cell 504 upon reactivation of the non-LTE compo-
nent. Likewise, a number of consecutive On-interval/Ofl-
interval repetitions during the Keeping Time could induce the
undesirable ping-pong operation 1i there 1s no restriction on
the LTE component measuring the source eNB/cell or fre-
quency.

In selected embodiments, 1t will be appreciated that the
triggering events A6-A8 and B3 are not used when there 1s
coexistence interference detected at the UE 502. In these
embodiments, when the UE 502 scans the neighboring eNB/
cells and generates the associated measurement reporting, the
measurement report 1s configured to include an 1ndicator (to
indicate to the network the measurement report 1s caused by
the coexistence scenario) and a Keeping Time value (to pre-
vent ping-pong handovers during the Keeping Time interval).
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Keeping Time Update for Handover Operation

In selected embodiments, in-device coexistence interfer-
ence from Bluetooth components 1s managed by establishing
an updateable “keeping time” parameter that can be updated
over time so that a non-interfering network node does not
switch back or handover to an interfering network node after

handoff. In these embodiments, the UE 1nitiates a handover
procedure (such as an inter-RAT or inter-frequency han-
dover) to avoid undesirable interferences from the non-LT.
component when 1t experiences the interference. The LT.
component also sends the Keeping Time information to
T_eNB. After handover completion, LTE and non-L'TE com-
ponents work together without mutual interference and the
UE 1s prevented from performing handover back to the pre-
vious Irequency of S-eNB/Cell for the Keeping Time. After
expiration of the keeping time, the T-eNB may instruct the UE
to perform handover back to the previous frequency of the
S-eNB/cell 11 1t has the strongest signal from the eNB which
was the S-eNB due to disabling of non-LTE component.
However, the UE may experience the interference again 1f
non-LTE component has not been disabled completely (e.g.
session ending, etc.). Accordingly, the keeping time 1nitially
indicated to T-eNB through S-eNB may be extended based on
the request from the UE 1n order to protect undesirable inter-
ferences or ping-pong problem.

To prevent premature handover, there are disclosed herein
signaling procedures and message information elements for
updating the keeping time to define a modified handover
operation with updateable keeping time. As disclosed, upon
receiving the Keeping Time with triggering events related to
coexistence interference, the T-eNB/cell should keep the cur-
rent connection with the LTE component for at least the
duration of the Keeping Time or should not instruct the UE to
handover back to the frequency of the previous S-eNB/cell for
the duration of the Keeping Time to avoid undesirable ping-
pong between the previous S-eNB/cell and new T-eNB/cell
by preventing handover back to the original frequency of the
previous S-eNB/cell despite that cell’s signal strength, or any
cell on the same frequency, being higher than that of the
T-eNB/cell even 11 non-LTE component 1s not enabled. Oth-
erwise, 1f the T-eNB/cell 1s not made aware that the handover
of the UE 1s due to coexistence interference, the T-eNB/cell
may try to handover the UE back to the original frequency of
the previous S-eNB/cell or frequency when the non-LTE
component 1s disabled, thereby triggering handover immedi-
ately away from the original cell on reactivation of the non-
L1E component.

Even though the originally specified Keeping Time param-
cter helps reduce the ping-pong problem, coexistence inter-
terence and ping-ponging can be reduced further by provid-
ing an adaptive and precise Keeping Time parameter. To this
end, selected embodiments of the present invention provide
for flexible extension and early termination of the keeping
time of the pre-scheduled keeping time between the UE and
network side. An illustrative example of an updateable Keep-
ing Time parameter 1s shown i FIG. 6 which depicts the
indication of the in-device coexistence for the management of
the keeping time. After handover, the LTE component 600
and non-L'TE component 602 work at different frequencies
Freq. 1/Freq. 2 which do interference with one another. To
this end, the UE may include the indication of keeping time
whenever the UE transmits a measurement report or any RRC
signaling message with the same information 604. Upon
receiving the measurement message or idication message
604 from the UE, the eNB manages the keeping time which
has been scheduled. If the message from the UE indicates an
carly termination 606, the eNB can terminate the keeping
time and may 1nstruct the UE to handover back to the previous
frequency of the S-eNB/Cell i necessary. Alternatively, 1 the
message idicates there 1s an extension of the keeping time
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608, the eNB can extend the keeping time and does not
instruct the UE to handover back to the previous frequency of
the S-eNB/Cell during the keeping time which has been
updated with the new timing values.

As will be appreciated, the Keeping Time adjustment 1ndi-
cation can be carried by the existing Measurement Report
message or new message including related information below
in detail. In an example implementation, only 1 bit 1s required
to extend or terminate of the Keeping Time and the optional
additional keeping time 1s needed only when the update bit 1s
set to “1.” For example, 1f the indication bit (or update field)
1s set to “1,” this indicates that the keeping time 1s to be
extended by a predetermined duration. The duration may be
set by an additional keeping time field which 1s set to “0” (to
keep the 1nitial keeping time) or to “non-zero” (to specily the
duration). Conversely, 1f the indication bit (or update field) 1s
set to “0,” this indicates early termination of the keeping time
on some predetermined basis.

To 1llustrate an example sequence for adjusting the Keep-
ing Time, reference 1s now made to FIG. 7 which shows the
keeping time updating operation at the eNB side. When the
e¢NB receives a measurement report message or any message
with the in-device coexistence indication and the keeping
time after the handover (step 702), 1t checks the update field
(step 704). If the update field 1s set to “0” to indicate early
termination of the keeping time, the eNB may terminate the
keeping time immediately and may instruct the UE to han-
dover back to the previous frequency of the S-eNB 11 neces-
sary (step 706). But if the update field 1s setto “1” which 1s the
extension of the keeping time, the eNB checks with the Addi-
tional Keeping time field (step 708). If Additional Keeping
Time field 1s set to “0”, the keeping time will be kept as it 1s
(step 710), otherwise the Keeping time will be extended (step
712) with additional keeping time indicated in the message
(Keeping time==initial keeping time+additional keeping
time). Finally, 11 the timer value 1s less than keeping time (step
714), the eNB prepares the reception of the next measurement
message or indicator, otherwise, the eNB may instruct the UE
to handover back to the previous frequency of S-eNB/Cell 1T
necessary due to timer expiry. As will be appreciated, the eNB
may reject the keeping time tlag request from the UE. In this
case, the eNB may or may not send a response back to indicate
the confirmation to make the operation synchronized.

In other embodiments, the original message for HO may
not include the keeping time, but it should hold the UE until
it recerves the signaling message or indication message
including keeping time extension. In this operation, 1f the
indication bit 1s set to *“17, the eNB will extend the keeping
time with indicated keeping time in the message, otherwise
(indication bit 1s set to “0”), the eNB may terminate and
initiate handover back to the previous frequency of S-eNB/
cell.

By now 1t should be appreciated that there 1s disclosed
herein a method for use 1n a radio access network (eNB) by
user equipment (UE) having a first radio technology compo-
nent (e.g., an UTE component) and a second radio technology
component (€.g.,a GNSS or ISM) on a single platform. In the
disclosed system and methodology, an updateable keeping
time method 1s disclosed for enhancing the handover and
in-device coexistence performance by defining an informa-
tion element and bit format to indicate the extension and early
termination of the keeping time which has been 1nitially allo-
cated.

The user device and network elements described herein

may include any general or special purpose computer with
suificient processing power, memory resources, and network
throughput capability to handle the necessary workload
placed upon it. FIG. 8 1llustrates an example computer system
1000 that may be suitable for implementing one or more
embodiments disclosed herein. The computer system 1000
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includes a processor 1004 (which may be referred to as a
central processor unit or CPU) that 1s in communication with
iput/output (I/0) devices 1002, network connectivity
devices 1006, an optional secondary storage 1008, random
access memory (RAM) 1010, and read only memory (ROM)
1012. The processor may be implemented as one or more
CPU chips.

The secondary storage 1008 1s optionally included, and
typically includes one or more disk drives or tape drives used
for non-volatile storage of data and/or for over-tlow data
storage device 11 RAM 1010 1s not large enough to hold all
working data. Secondary storage 1008 may be used to store
programs which are loaded into RAM 1010 when such pro-
grams are selected for execution. The ROM 1012 1s used to
store instructions and perhaps data which are read during
program execution. ROM 1012 1s a non-volatile memory
device which typically has a small memory capacity relative
to the larger memory capacity ol secondary storage. The
RAM 1010 1s used to store volatile data and perhaps to store
instructions. Access to both ROM 1012 and RAM 1010 1s
typically faster than to secondary storage 1008.

I/O devices 1002 may include on or more printers, video
monitors, liquid crystal displays (LCDs), touch screen dis-
plays, keyboards, keypads, switches, dials, mice, track balls,
voice recognizers, card readers, paper tape readers, or other
well-known input devices.

The network connectivity devices 1006 may take the form
of modems, modem banks, ethernet cards, universal serial bus
(USB) interface cards, serial interfaces, token ring cards, fiber
distributed data interface (FDDI) cards, wireless local area
network (WL AN) cards, radio transcerver cards such as code
division multiple access (CDMA) and/or global system for
mobile communications (GSM) radio transceiver cards, and
other well-known network devices. These network connec-
tivity 1006 devices may enable the processor 1004 to com-
municate with an Internet or one or more intranets. With such
a network connection, 1t 1s contemplated that the processor
1004 might recerve information from the network, or might
output information to the network in the course of performing
the above-described method steps. Such information, which
1s often represented as a sequence of instructions to be
executed using processor 1004, may be received from and
outputted to the network, for example, in the form of a com-
puter data signal embodied 1n a carrier wave or a non-transi-
tory computer readable storage medium, such as RAM, ROM
or other memory storage devices.

Such information, which may include data or mstructions
to be executed using processor 1004 for example, may be
received from and outputted to the network, for example, in
the form of a computer data baseband signal or signal embod-
ied 1n a carrier wave. The baseband signal or signal embodied
in the carrier wave generated by the network connectivity
1006 devices may propagate in or on the surface of electrical
conductors, in coaxial cables, 1n waveguides, 1 optical
media, for example optical fiber, or 1n the air or free space.
The information contained 1n the baseband signal or signal
embedded 1n the carrier wave may be ordered according to
different sequences, as may be desirable for either processing
or generating the information or transmitting or recerving the
information. The baseband signal or signal embedded 1n the
carrier wave, or other types of signals currently used or here-
alter developed, referred to herein as the transmission
medium, may be generated according to several methods well
known to one skilled 1n the art.

The processor 1004 executes 1nstructions, codes, computer
programs, scripts which 1t accesses from hard disk, tloppy
disk, optical disk (these various disk-based systems may all
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be considered secondary storage 1008), ROM 1012, RAM
1010, or the network connectivity devices 1006. While only
one processor 1004 1s shown, multiple processors may be
present. Thus, while instructions may be discussed as
executed by a processor, the mstructions may be executed
simultaneously, serially, or otherwise executed by one or
multiple processors. In addition or in the alternative, any
required processing functionality may be executed by a cryp-
tographic engine or other hardware accelerator circuit (not
shown).

FIG. 9 1s a diagram of a software environment 1100 that
may be implemented on a communication device and/or net-
work node operable for some of the various embodiments of
the disclosure. As 1illustrated, one or more processing
resources at the communication device or network node
execute operating system drivers 1104 that provide a platiorm
from which the rest of the software operates. The operating
system drivers 1104 provide drivers for the device hardware
with standardized interfaces that are accessible to application
soltware. The operating system drivers 1104 include applica-
tion management services (“AMS”) 1106 that transier control
between applications running on the device. In UE instances,
the software environment 1102 includes a web browser appli-
cation 1108, a media player application 1110, and Java
applets 1112 are provided as device applications. The web
browser application 1108 configures the UE device to operate
as a web browser, allowing a user to enter information into
forms and select links to retrieve and view web pages. The
media player application 1110 configures the UE to retrieve
and play audio or audiovisual media. The Java applets 1112
configure the UE device to provide games, utilities, and other
functionality. Finally, the component 114 may provide the
in-device coexistence mterference management functionality
described herein.

Referring now to FIG. 10, there 1s shown a schematic block
diagram 1illustrating exemplary components of a mobile wire-
less communications device 101 which may be used with
selected embodiments of the present invention. The wireless
device 101 1s shown with specific components for implement-
ing features described above. It 1s to be understood that the
wireless device 101 1s shown with very specific details for
exemplary purposes only.

A processing device (e.g., microprocessor 128) 1s shown
schematically as coupled between a keyboard 114 and a dis-
play 126. The microprocessor 128 controls operation of the
display 126, as well as overall operation of the wireless device
101, 1n response to actuation of keys on the keyboard 114 by
a user.

The wireless device 101 has a housing that may be elon-
gated vertically, or may take on other sizes and shapes (in-
cluding clamshell housing structures). The keyboard 114 may
include a mode selection key, or other hardware or software
for switching between text entry and telephony entry.

In addition to the microprocessor 128, other parts of the
wireless device 101 are shown schematically. These include a
communications subsystem 170; a short-range communica-
tions subsystem 102; the keyboard 114 and the display 126,
along with other input/output devices including a set of LEDs
104, a set of auxiliary I/O devices 106, a serial port 108, a
speaker 111 and a microphone 112; as well as memory
devices including a tlash memory 116 and a Random Access
Memory (RAM) 118; and various other device subsystems
120. The wireless device 101 may have a battery 121 to power
the active elements of the wireless device 101. The wireless
device 101 1s in some embodiments a two-way radio fre-
quency (RF) communication device having voice and data
communication capabilities. In addition, the wireless device
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101 in some embodiments has the capability to communicate
with other computer systems via the Internet.

Operating system soltware executed by the microproces-
sor 128 1s 1n some embodiments stored in a persistent store,
such as the flash memory 116, but may be stored 1n other types
of memory devices, such as a read only memory (ROM) or
similar storage element. In addition, system software, spe-
cific device applications, or parts thereof, may be temporarily
loaded into a volatile store, such as the RAM 118. Commu-

nication signals received by the wireless device 101 may also
be stored to the RAM 118.

The microprocessor 128, 1n addition to 1ts operating system
functions, enables execution of software applications on the
wireless device 101. A predetermined set of software appli-
cations that control basic device operations, such as a voice
communications module 130A and a data communications
module 130B, may be installed on the wireless device 101
during manufacture. In addition, a personal information man-
ager (PIM) application module 130C may also be installed on
the wireless device 101 during manufacture. The PIM appli-
cation 1s 1n some embodiments capable of organizing and
managing data items, such as e-mail, calendar events, voice
mails, appointments, and task 1tems. The PIM application 1s
also 1n some embodiments capable of sending and receiving
data 1items via a wireless network 110. In some embodiments,
the data 1tems managed by the PIM application are seam-
lessly integrated, synchronized and updated via the wireless
network 110 with the device user’s corresponding data items
stored or associated with a host computer system. As well,
additional software modules, illustrated as another software
module 130N, may be nstalled during manufacture.

Communication functions, including data and voice com-
munications, are performed through the communication sub-
system 170, and possibly through the short-range communi-
cations subsystem 102. The communication subsystem 170
includes a recerver 150, a transmitter 152 and one or more
antennas, 1llustrated as a receive antenna 154 and a transmit
antenna 156. In addition, the communication subsystem 170
includes a processing module, such as a digital signal proces-
sor (DSP) 158, and local oscillators (LOs) 160. In some
embodiments, the communication subsystem 170 includes a
separate antenna arrangement (similar to the antennas 154
and 156) and RF processing chip/block (similar to the
Receiver 150, LOs 160 and Transmitter 152) for each RAT,
although a common baseband signal processor (similar to
DSP 158) may be used for baseband processing for multiple
RATs. The specific design and implementation of the com-
munication subsystem 170 1s dependent upon the communi-
cation network 1n which the wireless device 101 1s intended to
operate. For example, the communication subsystem 170 of
the wireless device 101 may be designed to operate with the
Mobitex™, DataTAC™ or General Packet Radio Service
(GPRS) mobile data communication networks and also
designed to operate with any of a variety of voice communi-
cation networks, such as Advanced Mobile Phone Service
(AMPS), Time Division Multiple Access (TDMA), Code
Division Multiple Access (CDMA), Personal Communica-
tions Service (PCS), Global System for Mobile Communica-
tions (GSM), etc. Examples of CDMA 1nclude 1X and 1xEV-
DO. The communication subsystem 170 may also be
designed to operate with an 802.11 Wi-F1 network, and/or an
802.16 WiMAX network. Other types of data and voice net-
works, both separate and integrated, may also be utilized with
the wireless device 101.

Network access may vary depending upon the type of
communication system. For example, 1n the Mobitex™ and
DataTAC™ networks, wireless devices are registered on the
network using a unique Personal Identification Number (PIN)

associated with each device. In GPRS networks, however,
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network access 1s typically associated with a subscriber or
user of a device. A GPRS device therefore typically has a
subscriber 1dentity module, commonly referred to as a Sub-

scriber Identity Module (SIM) card, 1n order to operate on a
GPRS network.

When network registration or activation procedures have
been completed, the wireless device 101 may send and
receive communication signals over the communication net-
work 113. Signals received from the communication network

113 by the receive antenna 154 are routed to the receiver 1350,
which provides for signal amplification, frequency down con-
version, filtering, channel selection, etc., and may also pro-
vide analog to digital conversion. Analog-to-digital conver-
sion of the received signal allows the DSP 158 to perform
more complex communication functions, such as demodula-
tion and decoding. In a similar manner, signals to be trans-
mitted to the network 113 are processed (e.g., modulated and
encoded) by the DSP 158 and are then provided to the trans-
mitter 152 for digital to analog conversion, frequency up
conversion, filtering, amplification and transmission to the
communication network 113 (or networks) via the transmit
antenna 156.

In addition to processing communication signals, the DSP
158 provides for control of the receiver 150 and the transmit-
ter 152. For example, gains applied to communication signals
in the recerver 150 and the transmitter 152 may be adaptively
controlled through automatic gain control algorithms 1mple-

mented 1n the DSP 158.

In a data communication mode, a recerved signal, such as a
text message or web page download, i1s processed by the
communication subsystem 170 and 1s input to the micropro-
cessor 128. The received signal 1s then further processed by
the microprocessor 128 for an output to the display 126, or
alternatively to some other auxiliary I/O devices 106. A
device user may also compose data items, such as e-mail
messages, using the keyboard 114 and/or some other auxil-
1ary 1/0 device 106, such as a touchpad, a rocker switch, a
thumb-wheel, or some other type of input device. The com-
posed data items may then be transmitted over the commu-
nication network 113 via the communication subsystem 170.

In a voice communication mode, overall operation of the
device 1s substantially similar to the data communication
mode, except thatrecerved signals are output to a speaker 111,
and signals for transmission are generated by a microphone
112. Alternative voice or audio I/O subsystems, such as a
voice message recording subsystem, may also be imple-
mented on the wireless device 101. In addition, the display
126 may also be utilized in voice communication mode, for
example, to display the identity of a calling party, the duration
of a voice call, or other voice call related information.

The short-range communications subsystem 102 enables
communication between the wireless device 101 and other
proximate systems or devices, which need not necessarily be
similar devices. For example, the short range communica-
tions subsystem may include an infrared device and associ-
ated circuits and components, or a Bluetooth™ communica-
tion module to provide for communication with similarly-
enabled systems and devices.

By now 1t should be appreciated that there 1s disclosed
herein a method for use 1n a radio access network (eNB) by
user equipment (UE) having a first radio technology compo-
nent (e.g., an LTE component) and a second radio technology
component (e.g., a GPS or ISM) on a single platform. In the
disclosed system and methodology, a signaling scheme 1is
provided for sending a coexistence request message to convey
one or more proposed control parameters for establishing a
coexistence mode having a fixed coexistence cycle duration
with variable first and second signaling intervals for the first
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and second radio technology components. In addition, com-
puter program product i1s disclosed that includes a non-tran-
sitory computer readable storage medium having computer
readable program code embodied therein with instructions
which are adapted to be executed to implement a method for
operating user equipment (UE) and/or a radio access network
(eNB) 1n a coexistence mode, substantially as described here-
inabove.

There 1s also disclosed herein a method for use 1n user

equipment (UE) having first and second radio technology
components on a single platform, where the first radio tech-
nology component may be an LTE component and the second
radio technology component may be a GNSS or ISM com-
ponent. In the disclosed methodology, a handover request
message 1s sent to request handover for the first radio tech-
nology component from a source (e.g., a serving eNB, cell or
frequency) to a target (e.g., a target eNB, cell or frequency)
for a keeping time, where the handover request message
includes an update field along with an additional keeping time
field 11 an extension of the keeping time 1s requested. The
handover request message may or may not include an indica-
tion of the specified keeping time, depending on the imple-
mentation. In selected embodiments, the handover request
message 1s sent as an RRC message to indicate interference
measurement results, where the update field comprises a
Keeping TimeFlag in the RRC message having a first value to
indicate early termination of the specified keeping time, and
having a second value to indicate extension of the specified
keeping time. In the RRC message, the additional keeping,
time field may be provided as a KeepTimeDuration having a
first predetermined value indicating that first radio technol-
ogy component 1s to be handed over to the target for the
specified keeping time, and having one or more additional
predetermined values indicating that first radio technology
component 1s to be handed over to the target for an extended
keeping time that 1s defined by the one or more additional
predetermined values. Subsequently, the UE recerves a han-
dover command message to handover the first radio technol-
ogy component from the source to the target for a specified
keeping time to establish a coexistence mode for the first and
second radio technology components. In selected embodi-
ments, the specified keeping time 1n the handover command
message 1s controlled by the update field and any additional
keeping time field included 1n the handover request message,
and may even be the same as the keeping time requested in the
handover request message. However, the specified keeping
time 1n the handover command message may be different
from the keeping time requested in the handover request
message. In response, the UE enables the first radio technol-
ogy component to handover the first radio technology com-
ponent to the target for the specified keeping time so that the
first radio technology component 1s not handed back to the
source during the specified keeping time, thereby enabling
the radio resources on the UE to be used by the second radio
technology component without interference from/to the first
radio technology component. As a result, the UE may be
configured to trigger a measurement report only after the
specified keeping time has expired, or may trigger a measure-
ment report during the specified keeping time which excludes
the source.

In addition, there 1s disclosed a method for use 1n radio
access network to avoid iterference between first and second
radio technology components located on a single platform at
a UE. In the disclosed methodology, a handover request mes-
sage 1s recerved at a source network node from the UE
requesting handover for the first radio technology component
from a source to a target for a keeping time, where the han-
dover request message comprises an update field along with
an additional keeping time field 11 an extension of the keeping
time 1s requested. In selected embodiments, the handover
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request message 1s recetved as an RRC message 1n which the
update field 1s a KeepingTimeFlag (having a first value to
indicate early termination of the specified keeping time, and
having a second value to indicate extension of the specified
keeping time) and the additional keeping time field 1s a Keep-
TimeDuration (having a first predetermined value indicating
that first radio technology component 1s to be handed over to

the target for the specified keeping time, and having one or
more additional predetermined values indicating that first

radio technology component 1s to be handed over to the target
for an extended keeping time that 1s defined by the one or
more additional predetermined values). In response to the
handover request message, the source network node sends a
handover request to the target and subsequently receives a
handover request acknowledgement from the target which
includes the specified keeping time during which the target
will not handover the first radio technology component back
to an original frequency of the source. The specified keeping
time from the target may be the same as or different from the
keeping time provided by the UE. In response, the source
network node sends a handover command message instruct-
ing the UE to handover the first radio technology component
from the source to the target for a specified keeping time to
establish a coexistence mode so that the first radio technology
component 1s not handed back to the source during the speci-
fied keeping time. For example, the handover command mes-
sage may 1nstruct the UE to terminate the specified keeping,
time 11 the update field has a first value so that the first radio
technology component can be handed back to the source.
Alternatively, the handover command message instructs the
UE to extend the specified keeping time by an amount that 1s
based on a value contained 1n the additional keeping time field
if the update field has a second value so that the first radio
technology component 1s not handed back to the source dur-
ing an extended specified keeping time.

There 1s also disclosed a method for use 1n radio access
network to avoid interference between first and second radio
technology components located on a single platform at a UE.
In the disclosed methodology, a handover request from a
source network node i1s received at a target network node
requesting handover for the first radio technology compo-
nent, where the handover request includes an update field
along with an additional keeping time field if an extension of
the keeping time 1s requested from the UE. In selected
embodiments, the handover request 1s a network message to
indicate interference measurement results i which the
update field 1s a KeepingTimeFlag, and the additional keep-
ing time field 1s a Keep'TimeDuration. In response, the target
network node sends a handover request acknowledgement to
the source which includes a specified keeping time controlled
by the update field and any additional keeping time field.
During the specified keeping time, the target network node
will not handover the first radio technology component back
to the source, thereby establishing a coexistence mode for the
first and second radio technology components during the
specified keeping time. In selected embodiments, the han-
dover request acknowledgement 1s an instruction to terminate
the specified keeping time if the update field has a first value
so that the first radio technology component can be handed
back to the source. In other embodiments, the handover
request acknowledgement 1s an instruction to extend the
specified keeping time by an amount that 1s based on a value
contained in the additional keeping time field if the update
field has a second value so that the first radio technology
component 1s not handed back to the source during an
extended specified keeping time.

In yet another form, there 1s disclosed a computer program
product implemented as a non-transitory computer readable
storage medium having computer readable program code
embodied therein that 1s adapted to be executed to implement
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a method for operating a UE 1n a coexistence mode. As
disclosed, the computer program product includes instruc-
tions for sending a handover request message to request han-
dover for a first radio technology component from a source to
a target for a keeping time, where the handover request mes-
sage comprises an update field along with an additional keep-
ing time field 11 an extension of the keeping time 1s requested.
In addition, the computer program product includes mstruc-
tions for receiving a handover command message to handover

the first radio technology component from the source to the
target for a specified keeping time to establish a coexistence
mode for the first and second radio technology components.
The computer program product also includes instructions for
enabling the first radio technology component to handover
the first radio technology component to the target for the
specified keeping time so that the first radio technology com-
ponent 1s not handed back to the source during the specified
keeping time, thereby enabling the radio resources on the UE
to be used by the second radio technology component without
interference from/to the first radio technology component.
In still yet another form, there 1s disclosed a user equipment

device having one or more antennas for transmitting and
receiving one or more signals, and first and second radio
technology components on a single platform. The UE device
also includes processor control logic and/or circuitry config-
ured to update a holdover keeping time to avoid interference
at the first radio technology component caused by the second
radio technology component. In particular, the processor con-
trol logic and/or circuitry 1s configured to send a handover
request message to request handover for the first radio tech-
nology component from a source to a target for a keeping
time, where the handover request message includes an update
field along with an additional keeping time field 1f an exten-
sion of the keeping time 1s requested. The handover request
message may be sent as an RRC message to indicate interfer-
ence measurement results, where the update field includes a
Keeping TimeFlag in the RRC message having a first value to
indicate early termination of the specified keeping time, and
having a second value to 1ndicate extension of the specified
keeping time, and where the additional keeping time field
includes a Keep'TimeDuration 1in the RRC message having a
first predetermined value indicating that first radio technol-
ogy component 1s to be handed over to the target for the
specified keeping time, and having one or more additional
predetermined values indicating that first radio technology
component 1s to be handed over to the target for an extended
keeping time that 1s defined by the one or more additional
predetermined values. In addition, the processor control logic
and/or circuitry 1s configured to receive and process a han-
dover command message to handover the first radio technol-
ogy component from the source to the target for a specified
keeping time to establish a coexistence mode for the first and
second radio technology components. Finally, the processor
control logic and/or circuitry 1s configured to enable the first
radio technology component to handover the first radio tech-
nology component to the target for the specified keeping time
so that the first radio technology component 1s not handed
back to the source during the specified keeping time, thereby
enabling the radio resources on the UE to be used by the
second radio technology component without interference
from/to the first radio technology component.

In another form, there 1s disclosed a radio access network
node having one or more antennas for transmitting and
receiving one or more signals, and processor control logic
and/or circuitry configured to avoid interference between first
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and second radio technology components located on a single
platform at a UE. In particular, the processor control logic
and/or circuitry 1s configured to recerve a handover request
message Irom the UE requesting handover for the first radio
technology component from a source to a target for a keeping
time, where the handover request message includes an update
field along with an additional keeping time field 1f an exten-
s1on of the keeping time 1s requested. The handover request
message may be received and processed as an RRC message
to indicate interference measurement results, where the
update field includes a KeepingTimeFlag in the RRC mes-
sage having a first value to indicate early termination of the
speciflied keeping time, and having a second value to indicate
extension of the specified keeping time, and where the addi-
tional keeping time field includes a KeepTimeDuration in the
RRC message having a first predetermined value indicating
that first radio technology component 1s to be handed over to
the target for the specified keeping time, and having one or
more additional predetermined values indicating that first
radio technology component 1s to be handed over to the target
for an extended keeping time that i1s defined by the one or
more additional predetermined values. In addition, the pro-
cessor control logic and/or circuitry 1s configured to generate
and send a handover command message instructing the UE to
handover the first radio technology component from the
source to the target for a specified keeping time to establish a
coexistence mode for the first and second radio technology
components.

It should be understood that as used herein, terms such as
coupled, connected, electrically connected, in signal commu-
nication, and the like may include direct connections between
components, indirect connections between components, or
both, as would be apparent in the overall context of a particu-
lar embodiment. The term coupled 1s intended to include, but
not be limited to, a direct electrical connection.

Numerous modifications and variations of the present
application are possible 1n light of the above teachings. It 1s
therefore to be understood that within the scope of the
appended claims, the embodiments of the application may be
practiced otherwise than as specifically described herein.

Although the described exemplary embodiments disclosed
herein are described with reference to a coexistence operation
mode whereby different signaling components are separated
in time to avoid coexistence interference, the present mven-
tion 1s not necessarily limited to the example embodiments
which illustrate inventive aspects of the present invention that
are applicable to a wide variety of signaling schemes and
applications. Thus, the particular embodiments disclosed
above are 1llustrative only and should not be taken as limita-
tions upon the present mvention, as the mvention may be
modified and practiced in different but equivalent manners
apparent to those skilled 1n the art having the benefit of the
teachings herein. Accordingly, the foregoing description 1s
not itended to limit the invention to the particular form set
forth, but on the contrary, 1s mntended to cover such alterna-
tives, modifications and equivalents as may be included
within the spirit and scope of the mvention as defined by the
appended claims so that those skilled 1n the art should under-
stand that they can make various changes, substitutions and
alterations without departing from the spirit and scope of the
invention 1n 1ts broadest form.

APPENDIX

This appendix sets forth proposed changes to selected
3GPP TS reports and specifications that relate to the manage-
ment and avoidance of in-device coexistence interference.
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APPENDIX: TS 36.331 — Change for MeasurementReport Message for Updating
Keeping Time

Begin of Change

MeasurementReport

The MeasurementReport message 1s used for the indication of measurement results.
Signalling radio bearer: SRB1

RLC-SAP: AM
Logical channel: DCCH

Direction: UE to E-UTRAN

MeasurementReport message

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

MeasirementReporEmrEaTE S Esm S RO T N R L

et T T e e e e e e e e Tt e e I T e T T - e e e e e e e e e e e e e e e e I R

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

......................................................................................................................................................................................................................

KeepmgTimeFlag: 0 means early termination of the keeping time; 1 means extension of the
keeping time.
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KeepTimeDuration: the additional extended time duration when KeepingTimeFlag 1s set to 1,
1.e., 100ms, 200ms, 400ms, and 1000ms.

Note that the above is just an example, while other values could be possible.

Further, the stmilar logic and modification can be made on the existing RRC messages below
or new messages/indication

» UElInformationResponse message

*» RRCConnectionRequest message

* RRCConnectionReconfigurationComplete message

* RRCConnectionReestablishmentRequest message

End of Change
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What 1s claimed 1s:
1. A method for use in user equipment (UE) comprising
first and second radio components on a single platform, com-
prising;:
sending a handover request message to request handover
for the first radio component from a source to a target for
a keeping time, where the handover request message
comprises an update field that indicates whether an
update to the keeping time 1s requested along with an
additional keeping time field 1f the update field indicates
a request to extend the keeping time;

receiving a handover command message to handover the
first radio component from the source to the target for a
specified keeping time to establish a coexistence mode
for the first and second radio components; and

cnabling the first radio component to handover the first
radio component to the target for the specified keeping
time so that the first radio component 1s not handed back
to the source during the specified keeping time, thereby
enabling radio resources on the UE to be used by the
second radio component without interference from/to
the first radio component.

2. The method of claim 1 where the first radio component
comprises an LTE component, and where the second radio
component comprises a Global Navigation Satellite System
(GNSS) component or a component operating 1n an Indus-
trial, Science and Medical (ISM) frequency band.

3. The method of claim 1 where sending the handover
request message comprises sending a Radio Resource Con-
trol (RRC) message to indicate interference measurement
results, where the update field comprises a Keeping TimeFlag
in the RRC message, and where the additional keeping time
field comprises a KeepTimeDuration in the RRC message.

4. The method of claim 3 where the RRC message com-
prises a MeasurementReport message, a UEInformationRe-
sponse message, an RCConnectionRequest message, an
RRCConnectionReconfigurationComplete message, or an
RRCConnectionReestablishmentRequest message.

5. The method of claim 1 where sending the handover
request message comprises sending a Radio Resource Con-
trol (RRC) message comprising a Keeping Time Flag having
a first value to indicate early termination of the specified
keeping time, and having a second value to indicate extension
of the specified keeping time.

6. The method of claim 1 where sending the handover
request message comprises sending a Radio Resource Con-
trol (RRC)message comprising a Keep Time Duration having,
a first predetermined value indicating that first radio compo-
nent1s to be handed over to the target for the specified keeping,
time, and having one or more additional predetermined val-
ues 1indicating that first radio component 1s to be handed over
to the target for an extended keeping time that 1s defined by
the one or more additional predetermined values.

7. The method of claim 1, further comprising triggering a
measurement report only atter the specified keeping time has
expired.

8. The method of claim 1, further comprising triggering a
measurement report during the specified keeping time which
excludes the source.

9. The method of claim 1, where the source comprises a
serving eNB, cell or frequency.

10. The method of claim 1, where the target comprises a
target eNB, cell or frequency.

11. The method of claim 1, where handover request mes-
sage comprises an indication of the specified keeping time.
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12. The method of claim 1, where handover request mes-
sage does not include an indication of the specified keeping
time.

13. The method of claim 1, where the specified keeping
time 1s controlled by the update field and any additional
keeping time field included in the handover request message.

14. The method of claim 1, where the specified keeping
time 1s the same as the keeping time requested 1n the handover
request message.

15. The method of claim 1, where the specified keeping
time 1s different from the keeping time requested 1n the han-
dover request message.

16. A method for use in radio access network to avoid
interference between first and second radio components
located on a single platform at a user equipment (UE), com-
prising:

receving a handover request message from the user equip-

ment (UE) requesting handover for the first radio com-
ponent from a source to a target for a keeping time,
where the handover request message comprises an
update field that indicates whether an update to the keep-
ing time 1s requested along with an additional keeping
time field 11 the update field indicates a request to extend
the keeping time;

sending a handover command message instructing the user

equipment (UE) to handover the first radio component
from the source to the target for a specified keeping time
to establish a coexistence mode so that the first radio
component 1s not handed back to the source during the
specified keeping time.

17. The method of claim 16 where the handover request
message comprises a Radio Resource Control (RRC) mes-
sage, where the update field comprises a Keeping TimeFlag in
the RRC message, and where the additional keeping time
field comprises a KeepTimeDuration in the RRC message.

18. The method of claim 17 where the RRC message com-
prises a MeasurementReport message, a UEInformationRe-
sponse message, an RCConnectionRequest message, an
RRCConnectionReconfigurationComplete message, or an
RRCConnectionReestablishmentRequest message.

19. The method of claim 16 where recerving the handover
request message comprises recerving a Radio Resource Con-
trol (RRC) message comprising a Keeping Time Flag having
a first value to indicate early termination of the specified
keeping time, and having a second value to indicate extension
of the specified keeping time.

20. The method of claim 16 where recerving the handover
request message comprises recerving a Radio Resource Con-
trol (RRC)message comprising a Keep Time Duration having
a first predetermined value indicating that first radio compo-
nent 1s to be handed over to the target for the specified keeping
time, and having one or more additional predetermined val-
ues indicating that first radio component is to be handed over
to the target for an extended keeping time that 1s defined by
the one or more additional predetermined values.

21. The method of claim 16, further comprising:

sending a handover request to the target after recerving the

handover request message from the UE; and

receving a handover request acknowledgement from the

target comprising the specified keeping time during
which the target will not handover the first radio com-
ponent back to an original frequency of the source.

22. The method of claim 21 where recerving the handover
request acknowledgement comprises receiving a speciiied
keeping time from the target that 1s different from the keeping,
time provided by the user equipment (UE).
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23. The method of claim 16, where sending the handover
command message comprises sending an instruction to the
user equipment (UE) to terminate the specified keeping time
if the update field has a first value so that the first radio
component can be handed back to the source.

24. The method of claim 16, where sending the handover
command message comprises sending an instruction to the
user equipment (UE) to extend the specified keeping time 11
the update field has a second value so that the first radio
component 1s not handed back to the source during an
extended specified keeping time.

25. The method of claim 24, where the extended specified
keeping time 1s extended from the specified keeping time by
an amount that 1s based on a value contained 1n the additional
keeping time field.

26. A method for use in radio access network to avoid
interference between first and second radio components
located on a single platform at a user equipment (UE), com-
prising;:

receiving at a target a handover request for the first radio

component from a source, where the handover request
comprises an update field that indicates whether an
update to the keeping time 1s requested along with an
additional keeping time field 1f the update field indicates
a request to extend the keeping time from the user equip-
ment (UE);

sending a handover request acknowledgement to the

source comprising a specified keeping time during
which the target will not handover the first radio com-
ponent back to the source, thereby establishing a coex-
1stence mode for the first and second radio components
during the specified keeping time.

277. The method of claim 26, where the specified keeping
time 1s conftrolled by the update field and any additional
keeping time field included 1n the handover request.

28. The method of claim 26, where sending the handover
request acknowledgement comprises sending an instruction
to terminate the specified keeping time 11 the update field has
a first value so that the first radio component can be handed
back to the source.

29. The method of claim 26, where sending the handover
command message comprises sending an instruction to
extend the specified keeping time 1f the update field has a
second value so that the first radio component 1s not handed
back to the source during an extended specified keeping time.

30. The method of claim 29, where the extended specified
keeping time 1s extended from the specified keeping time by
an amount that 1s based on a value contained 1n the additional
keeping time field.

31. The method of claim 26 where recerving the handover
request comprises receiving a network message to mdicate
interference measurement results, where the update field
comprises a KeepingTimeFlag 1n the network message, and
where the additional keeping time field comprises a Keep-
TimeDuration 1n the network message.

32. A computer program product comprising a non-transi-
tory computer readable storage medium having computer
readable program code embodied therein, said computer
readable program code adapted to be executed to implement
a method for operating user equipment (UE) 1in a coexistence
mode, comprising:

instructions for sending a handover request message to

request handover for a first radio component from a
source to a target for a keeping time, where the handover
request message comprises an update field that indicates
whether an update to the keeping time 1s requested along
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with an additional keeping time field if the update field
indicates a request to extend the keeping time;

instructions for receiving a handover command message to
handover the first radio component from the source to
the target for a specified keeping time to establish a
coexistence mode for the first and second radio compo-
nents; and

instructions for enabling the first radio component to han-

dover the first radio component to the target for the
specified keeping time so that the first radio component
1s not handed back to the source during the specified
keeping time, thereby enabling radio resources on the
UE to be used by the second radio component without
interterence from/to the first radio component.

33. A user equipment device comprising, comprising:

one or more antennas for transmitting and receiving one or

more signals;

first and second radio components on a single platform:;

and

processor control logic and/or circuitry configured to

update a holdover keeping time to avoid interference at
the first radio component caused by the second radio
component by:
sending a handover request message to request handover
tfor the first radio component from a source to a target for
a keeping time, where the handover request message
comprises an update field that indicates whether an
update to the keeping time 1s requested along with an
additional keeping time field 1f the update field indicates
a request to extend the keeping time;

receving a handover command message to handover the
first radio component from the source to the target for a
specified keeping time to establish a coexistence mode
for the first and second radio components; and enabling
the first radio component to handover the first radio
component to the target for the specified keeping time so
that the first radio component 1s not handed back to the
source during the specified keeping time, thereby
enabling radio resources on the UE to be used by the
second radio component without interference from/to
the first radio component.

34. The user equipment device of claim 33, where the
processor control logic and/or circuitry 1s configured to send
the handover request message by sending a Radio Resource
Control (RRC) message to indicate interference measure-
ment results, where the update field comprises a Keeping-
TimeFlag 1n the RRC message having a first value to indicate
carly termination of the specified keeping time, and having a
second value to 1ndicate extension of the specified keeping
time, and where the additional keeping time field comprises a
KeepTimeDuration 1n the RRC message having a first prede-
termined value indicating that first radio component 1s to be
handed over to the target for the specified keeping time, and
having one or more additional predetermined values indicat-
ing that first radio component is to be handed over to the target
for an extended keeping time that 1s defined by the one or
more additional predetermined values.

35. A radio access network node, comprising:

one or more antennas for transmitting and recerving one or

more signals; and

processor control logic and/or circuitry configured to avoid

interference between first and second radio components
located on a single platform at a user equipment (UE) by:
recerving a handover request message from the user equip-
ment (UE) requesting handover for the first radio com-
ponent from a source to a target for a keeping time,
where the handover request message comprises an
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update field that indicates whether an update to the keep-
ing time 1s requested along with an additional keeping
time field 11 the update field indicates a request to extend
the keeping time;

sending a handover command message instructing the user

equipment (UE) to handover the first radio component
from the source to the target for a specified keeping time
to establish a coexistence mode so that the first radio
component 1s not handed back to the source during the
specified keeping time.

36. The radio access network node of claim 35, where the
processor control logic and/or circuitry 1s configured to
receive and process the handover request message as a Radio
Resource Control (RRC) message 1n which the update field
comprises a KeepingIimeFlag having a first value to indicate
carly termination of the specified keeping time, and having a
second value to 1ndicate extension of the specified keeping
time, and 1n which the additional keeping time field com-
prises a KeepTimeDuration having a {first predetermined
value indicating that first radio component 1s to be handed
over to the target for the specified keeping time, and having
one or more additional predetermined values indicating that
first radio component 1s to be handed over to the target for an
extended keeping time that 1s defined by the one or more
additional predetermined values.
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